thickness was dependent on the number of infiltrated IL-17A-positive cells. Conclusion: The present study suggests, for the first time, that IL-17A plays an important role in the eosinophil accumulation in the nasal polyps and the remodeling of the nasal polyps of chronic rhinosinusitis associated with asthma.
Role of Interleukin-17A in the Eosinophil
CRS without nasal polyps can be characterized by neutrophil recruitment into sinus effusion due to both the upregulation of adhesion molecules of the vascular endothelium induced by IL-1 and the enhanced secretion of chemoattractants of neutrophils, IL-8 from epithelial cells and neutrophils [8] [9] [10] [11] .
The histomorphological patterns of CRS with nasal polyps are characterized by the predominance of eosinophils and mixed mononuclear cells and the relative paucity of neutrophils [12] . Mucosal infiltration with enriched eosinophils in CRS with nasal polyps may be the distinctive feature of tissue eosinophilia, which is more refractory to surgical cure and is frequently associated with bronchial asthma [13, 14] . Several studies have reported the aspects of the clinical relationship between CRS and asthma [15] [16] [17] . The Th2-driven immune response in the sinonasal mucosa of CRS is similar to lung tissue of asthma [18, 19] . The histopathological features of asthma, namely, the tissue eosinophils, epithelial damage and basement membrane (BM) thickening of the lower airway [20, 21] , have been reported to be present in sinonasal specimens with CRS [22] .
A Th2-dominant chronic inflammation of the lower airway with eosinophils is widely accepted as a fundamental characteristic of asthma. However, there is increasing recognition of non-Th2-type non-eosinophilic forms of asthma, particularly in subjects with severe disease. Several investigators [23] [24] [25] [26] found asthmatic patients to have neutrophil-rather than eosinophil-rich pulmonary inflammation. Non-eosinophilic asthmatics who are steroid resistant and have refractory symptoms also tend to show non-Th2 cytokine-and neutrophildominant inflammation.
Accumulating evidence suggests an important role for IL-17A in the pathogenesis of non-Th2-type asthma. Sputum and blood samples from asthmatics have been shown to contain elevated levels of IL-17A [27] [28] [29] [30] . IL-17A enhances IL-6, IL-8 and GRO-␣ secretion by human bronchial fibroblasts [27] and IL-6 and IL-8 from human airway smooth muscle cells [31, 32] . IL-8 and GRO-␣ are known to be chemoattractants for neutrophils and IL-6 is a neutrophil-activating cytokine. Although IL-17A is hypothesized to contribute to the underlying pathogenesis of intractable CRS with nasal polyps similar to asthma, a few but fragmental reports regarding the expression of IL-17A in CRS have been presented. The exact function of IL-17A still remains unknown [33] [34] [35] .
These experiments were designed to investigate the expression and localization of the protein and mRNA expression of IL-17A in sinonasal polyps associated with asthma. Furthermore, IL-17A immunoreactivity was compared with the tissue infiltration of eosinophils and neutrophils, the epithelial damage, BM thickness and the clinical profiles.
Material and Methods

Patients
The present study totally included 51 patients. The control group included 6 patients (4 females, aged 47-72 years, mean age 60 years, and 2 males, aged 48-61 years, mean age 55 years). The CRS with asthma group included 45 patients (20 females, aged 29-61 years, mean age 49 years, and 25 males, aged 28-78 years, mean age 51 years). CRS with nasal polyps was diagnosed based on the criteria of the EAACI position paper [36] , i.e. having 2 or more symptoms including blockage/congestion, discharge, anterior/ posterior drip, facial pain/pressure and reduction or loss of smell for at least 3 months and any endoscopic signs including polyps, mucopurulent discharge from the middle meatus, or edema/mucosal obstruction primarily in the middle meatus and/or mucosal changes within the ostiomeatal complex and/or sinuses. None of the patients were treated with systemic or topical corticosteroids, or other immune-modulating drugs at least 1 month before surgery, although some patients received topical corticosteroids, antihistaminic agents and/or macrolides. Patients with CRS with nasal polyps associated with current signs of purulent nasal discharge, chronic obstructive pulmonary disease, diffuse panbronchiolitis, or fungal sinus disease, congenital mucociliary diseases, or cystic fibrosis were excluded from this study. The presence of nasal discharge, postnasal drainage, nasal obstruction, headache and anosmia were recorded and their severity was defined as follows: severe = 3, moderate = 2, slight = 1 and absence = 0, based on a previous paper [37] . The disease extent on computed tomographic scans was categorized according to Lund and Mackay [38] . All patients gave their written informed consent and the study was approved by the Ethics Committee of Juntendo University School of Medicine.
The diagnosis of asthma was based on the definition of the American Thoracic Society. The total serum immunoglobulin E (IgE) and specific serum IgE against common inhalant allergens were also determined. The atopic status was defined as having more than 500 units of total serum IgE. All patients were treated with bronchodilators, including theophylline, ␤ -adrenergics and inhaled corticosteroids, in the same manner.
Sampling of Tissue Specimens
Surgically removed human nasal polyps located in the middle meatus were obtained from the patients with CRS. Control samples were obtained from removed normal mucosal membranes of the sphenoid sinus at operation of pituitary adenoma. The samples were fixed in 10% formalin, embedded in paraffin wax, processed routinely and stained with hematoxylin-eosin. The samples for real-time RT-PCR were snap-frozen in liquid nitrogen and stored at -80 ° C.
Antibodies and Reagents
Rabbit anti-human IL-17A antibody was purchased from Santa Cruz (Santa Cruz Biotechnology, Santa Cruz, Calif., USA). Mouse anti-human neutrophil elastase obtained from Dako (Co-penhagen, Denmark). Mouse anti-human EG2 antibody was purchased from Pharmacia (Uppsala, Sweden). Mouse anti-human CD4, 1F6 was obtained from Abcam (Tokyo, Japan).
Immunohistochemistry
The nasal polyps were fixed in 10% formalin, embedded in paraffin wax, processed routinely and then prepared as routine semi-thin sections (3.5 m). The primary antibodies were IL-17A 1: 80, EG2 1: 100 and neutrophil elastase 1: 100. The sections were stained by the Ventana iVEWTM DAB Detection kit using a Ventana automated stainer (Ventana Japan K.K., Yokohama, Japan). The sections treated with control mouse and rabbit IgG1 served as negative controls.
Double Immunof luorescent Staining
For immunostaining, the samples were pretreated for 30 min with phosphate-buffered saline containing 1% (wt/vol) goat serum (Sigma-Aldrich, Poole, UK). Primary antisera were applied at the following concentrations: rabbit anti-IL-17A 1: 100, mouse anti-EG2 1: 100, mouse anti-CD4 1: 50 and mouse anti-neutrophil elastase 1: 100. For IL-17A/EG2, IL-17A/CD4 and IL-17A/neutrophil elastase dual labeling, the IL-17A primary antibody was applied for 24 h at 4 ° C, incubated with the appropriate secondary antibody and rinsed 3 times with phosphate-buffered saline before each of the primary antibodies (EG2, CD4, neutrophil elastase) were applied for 1 h at room temperature. The slides were rinsed 3 times with phosphate-buffered saline before incubating for 2 h with appropriate secondary antisera: Alexa-Fluor 488-conjugated goat anti-rabbit (Sigma-Aldrich) 1: 300 and Alexa-Fluor 594-conjugated goat anti-mouse 1: 300 (Sigma-Aldrich). After rinsing with phosphate-buffered saline, the samples were mounted using Vectashield Mounting Medium (Vector Laboratories, Inc., Burlingame, Calif., USA). Subsequently, the slides were observed on a fluorescence microscope (Zeiss, Hallberg, Germany).
Quantitative Real-Time RT-PCR Total RNA was extracted from clinical tissue samples (30 mg) using the Aurum Total RNA kit (BioRad Laboratories, Hercules, Calif., USA). RNA quality was assessed with the Experion TM System (BioRad Laboratories) using the Experion TM RNA StdSens Analysis Kit (BioRad Laboratories) for representative results. cDNA was synthesized from 800 ng RNA with the high-capacity cDNA RT kit (Applied Biosystems Inc., Foster City, Calif., USA). Real-time RT-PCR was performed for IL-17A using the 7500 Fast Real Time PCR System (Applied Biosystems Inc.) and TaqMan gene Expression Assays (assay identification number Hs00936345_m1), according to the manufacturer's specifications. The data analysis was done by standard curve method using the 7500 software version 2.0.1 (Applied Biosystems Inc.). All results were normalized to ␤ -actin to compensate for differences in the amount of cDNA (assay identification number Hs99999903_ m1).
Analysis of Infiltrated IL-17A-Positive Cells, Eosinophils and Neutrophils
To evaluate the degree of the infiltration of IL-17A-positive cells, eosinophils and neutrophils, 2 of the authors independently counted the number of eosinophils in 5 fields with cell clusters using light microscopy (400 ! magnification).
Analysis of the Epithelial Damage and BM Thickness
Observations of epithelial damage and BM thickness were performed on sections stained with hematoxylin-eosin by 2 of the authors independently. The image was acquired with a CCD camera connected to a personal computer. The length of the epithelia and BM thickness were measured using the KS400 Image Analysis System (KS400, Zeiss, Göttingen, Germany).
The staging of epithelial damage was revealed as the quantification of epithelial loss, namely, the length of epithelial sloughing was expressed as a percentage of the total epithelial length [39] . The epithelial damage of the control group included the physiological sloughing and artifacts. In fact, it is difficult to completely omit artifacts. Therefore, epithelial damage was observed under the same conditions in both nasal polyps and the control group. Surgeons with the same skill carefully removed the samples. The samples were fixed in formalin and stained with hematoxylin-eosin using the same procedures described above. The BM thickness was selected in the 5th field from the top (400 ! magnification) located in severely thickened regions and calculated as the mean after inspection of the entire specimen. The BM thickness included the subepithelial fibrosis beneath the BM [40] .
Statistical Analyses
The data were expressed as the mean 8 SD. Statistical analyses were evaluated using Pearson's correlation coefficient and Student's t test in StatMate III for Windows. Differences were considered to be significant if p ! 0.05.
Results
Group of Control Subjects
Little proliferation of epithelial or goblet cells was observed in the epithelial layers of the control group, whereas there were only nominal findings of epithelial sloughing. The subepithelial layers showed only a few inflammatory cells and fibroblasts ( fig. 1 a) . The average numbers of IL-17A-positive cells, eosinophils and neutrophils in the subepithelial layers are described in table 1 . 
Group of CRS with Asthma
Patients of CRS associated with asthma showed computed tomographic scores (16.2 8 5.4) and total symptomatic scores (8.1 8 2.5). In the CRS with asthma group, the subepithelial layers showed numerous inflammatory cells with proliferating fibroblasts, and the epithelial layers contained both proliferating epithelial and goblet cells ( fig. 1 b) . The number of IL-17A-positive cells ( fig. 2 a) was significantly increased in comparison with that of controls (p ! 0.001; table 1 ). Among the eosinophils identified by hematoxylin-eosin staining, 90.7 8 5.0% (n = 5) were the EG2-positive activated type ( fig. 2 b) . There were significantly more eosinophils in the CRS with asthma group than in the control group (p ! 0.001; table 1 ). There were significantly more neutrophils in the subepithelial layers in the CRS group ( fig. 2 c) 
Relevance of IL-17A-Positive Cells to Other Inflammatory Cells, Epithelial Damage and BM Thickness
The cellular sources of IL-17A were examined with double immunofluorescence ( fig. 4 ) 
Relationship of Epithelial Damage and BM Thickness with Eosinophilic Infiltration
The eosinophilic infiltration inside the subepithelial layer also had a significant correlation with the epithelial damage (n = 45, r = 0.53, p ! 0.001; fig. 6 a) and BM thickness (n = 45, r = 0.51, p ! 0.001; fig. 6 b) .
Relevance of Clinical Data to Histological Data
CT and symptom scores and the number of IL-17A-positive cells did not show a correlation. There is no difference in the number of IL-17A-positive cells between atopic (n = 10) and nonatopic asthmatics (n = 32).
Discussion
The present study regarding IL-17A expressed in nasal polyps of CRS can be summarized as follows: (1) IL-17A immunoreactivity was detected in the inflammatory cells in the nasal polyps; (2) IL-17A mRNA was significantly enhanced in the nasal polyps in comparison with the controls; (3) the localization of IL-17A expression predominantly coincided with eosinophils and CD4-positive lymphocytes; (4) IL-17A correlated with eosinophils, but not with neutrophils, in the subepithelial layers, and (5) the degree of epithelial damage and BM thickness were dependent on the number of infiltrated IL-17A-positive cells.
IL-17A mRNA and/or proteins were reported to have increased in the lungs, sputum, bronchoalveolar lavage fluids or sera from asthmatics [27] [28] [29] [30] . Since immunological aspects of the sinonasal tissue of CRS are known to be similar to those of the lung tissues of asthma [18, 19] , IL-17A expression was assessed in CRS. Molet et al. [35] reported that IL-17A immunoreactivity was greatly increased in nasal polyps in comparison with control nasal turbinate. On the other hand, no significant differences were found at the mRNA level of IL-17A among CRS with nasal polyps, CRS without nasal polyps and the controls [41] . The present study demonstrated the signif- icant expression of IL-17A at both the protein and mRNA levels in the nasal polyps of CRS associated with asthma in comparison with the normal sinus mucosa, which confirms that IL-17A contributes to the underlying pathology of nasal polyps. T lymphocytes of the CD4-and CD8-positive subsets produce and release IL-17A upon activation [42] . Granulocytes may be alternative sources of IL-17A [27, 43] . The immunoreactivity and mRNA for intracellular IL-17A are detected in eosinophils harvested from the bronchoalveolar fluid, induced sputum and peripheral blood of patients with asthma [27] . In addition, the presence of IL-17A mRNA was observed in the bronchoalveolar neutrophils stimulated by endotoxin [43] . In the upper airway, the cellular sources for IL-17A are reported to be T lymphocytes, neutrophils, eosinophils, plasma cells and serous glands [34, 35] . The present study clearly showed that IL-17A was predominantly expressed in both CD4-positive lymphocytes and eosinophils, but not in neutrophils.
In addition to the Th1/Th2 paradigm, a third T-cell subset, known as Th17 cells, was identified and characterized by the production of IL-17A [44, 45] . Th17 cells play an important role in the pathogenesis of a diverse group of immune-mediated diseases including asthma and other allergic diseases [46, 47] . The increased expression of IL-17A in the lung during asthma is proposed to induce the increased accumulation and activation of lung neutrophils via the upregulation of chemoattractants for neutrophils and neutrophil-activating cytokines [27, 32, 48, 49] . On the other hand, nasal polyps are characterized by a considerable number of IL-17A-positive cells which are strongly correlated with the number of eosinophils. The correlation between IL-17A-positive cells and eosinophils can be simply explained by the fact that the major source of IL-17A is eosinophils. The more important finding is that the cells positive for both CD4 and IL-17A are significantly correlated with eosinophil accumulation into the sinonasal mucosa, suggesting that chemokines and/or adhesion molecules for eosinophils are upregulated by CD4-positive T cells expressing IL-17A. A previous study indicated that the eotaxin family production enhanced by eosinophils results in the recruitment of eosinophils into nasal polyp and sinus effusion by a self-amplifying process and then contributes to the exacerbation of the sinonasal inflammation [50] . Eotaxin is reported to be produced by human airway smooth muscle cells cultured with IL-17A [51] . Taken together, these data suggest that IL-17A primarily attributed to Th17 cells induces the recruitment of eosinophils, which is enhanced by a positive feedback loop of IL-17A production by eosinophils. Further studies are required to clarify the underlying mechanism of eosinophil recruitment in relation to IL-17A.
The present study focusing on the nasal polyps of CRS associated with asthma is likely to show a manner of the recruitment of granulocytes different from asthma in relation to IL-17A. IL-17A has been believed to induce neutrophilic airway inflammation in patients with asthma [23] [24] [25] [26] and a mouse model of asthma [52] . However, recent studies using a murine asthma model have shown that IL-17A induces recruitment not only of neutrophils but also of eosinophils into the airways [53, 54] . The role of IL-17A presented in nasal polyps of CRS might be explained by upregulation of Th2 cell-mediated eosinophilic airway inflammation as indicated in the mouse model of asthma [55] . The distinct roles of IL-17A between upper and lower airway inflammation may be related to frequent exposure to microbial and viral agents in the upper airway, which are known to trigger a strong IL-17 response [56] . Although the mechanism underlying Th-17A cell-mediated enhancement of Th2 cell-mediated eosinophil recruitment into the airway is unknown, our findings may contribute to a better understanding of the pathogenesis of CRS with nasal polyps.
The present study found that the infiltration of IL-17A-positive cells had a significant correlation with the epithelial damage and BM thickness. Chakir et al. [52] suggested that the important features of airway remodeling in asthma include the formation of subepithelial fibrosis and increased deposition of types I and III collagen. Transforming growth factor-␤ , IL-11 and IL-17A are profibrotic cytokines involved in the formation of subepithelial fibrosis and are increased in patients with asthma, which is consistent with the current results. However, no association of IL-17A with epithelial damage of the airway has been elucidated until the present study. There is a close relationship between mucosal remodeling of nasal polyps and eosinophilic infiltration [53] , which is consistent with the present findings ( fig. 6 ). Therefore, mucosal remodeling of nasal polyps is thought to be related to cytotoxic mediators derived from eosinophils and/or the profibrotic capability of IL-17A.
In conclusion, the present study suggests that IL-17A plays an important role in both the eosinophil infiltration and the remodeling of the nasal polyps of CRS associated with asthma.
